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Study Design: Scoping review
Objective: To study the design, clinical setting and outcome measures used in spinal cord injury rehabilitation
publications.
Methods: A literature search on PubMed and Medline was conducted focusing on articles published between
1990–2016 and using “traumatic SCI”, “functional outcomes”, “rehabilitation”, “work” and “return to work” as
outcomes. Studies were categorized based on design (intervention, including RCTs vs. non-intervention
studies), settings (inpatient vs. outpatient vs. transition), and outcome measures used (impairment vs. function
vs. participation/integration vs. quality of life vs. symptoms). Work-related studies were categorized independently.
Results: Five hundred forty-four articles met the inclusion criteria. Of these, 234 were interventional studies,
including 23 RCTs. Studies were evenly divided among inpatient, outpatient and transition settings. Of the 234
interventional studies, 143 used functional evaluations. Sixty-one different functional instruments were used, with
a predominant use of the Functional Independence Measure (61 times) and an additional use of SCI-specific
measures, i.e. Spinal Cord Independence Measure and Craig Handicap Assessment and Reporting Technique
(13 times each). Fifty-one studies measured mobility, while only three measured hand functions. The work-
related sub-analysis revealed 32 intervention studies (no RCTs), of which 15 used functional evaluations and
only three focused on tetraplegia.
Conclusion: Our study revealed a paucity of intervention trials and RCTs, indicating a dearth of knowledge that
would be needed to establish evidence-based practice guidelines. This is particularly true for tetraplegia. While
standard measures of function were frequently used, providing valuable data, there is no consensus about what
exact outcome measure to use. Using newer measurement techniques, for instance based on the application of
item response theory, should be considered to enhance uniformity.
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Context
Physical Medicine and Rehabilitation (PMR) is a
medical specialty that aims to improve functional

outcomes. The World Health Organization (WHO)
defines health as “a state of complete physical, mental
and social well-being and not merely the absence of
disease or infirmity”.1 Functional outcomes measure
whether individuals return to needed and desirable rou-
tines/roles including self-care, work, school and social
activities. The International Classification of
Functioning, Disability and Health (ICF)2 was used to
establish outcome domains. Functioning was defined
as the “dynamic interaction between a person’s health
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conditions, environmental factors, and personal factors.
It is a composite of multiple domains that, when taken
collectively, represent human social, cognitive and
social activities”.2 By comparison, impairment is “any
loss or abnormality of psychological, physiologic, or
anatomic structure or function”.1 Function has been
identified as an important measure of health3–5 and
addressing functional improvement is necessary if clini-
cal rehabilitation research (CRR) is to provide relevant
contributions that meet patients’ needs.
The scoping review reported here does not attempt to

attribute quality or level of evidence to the identified
studies, but rather to assess the information these
studies convey that addresses the ICF domains pertain-
ing to function, participation and activity congruent
with patients’ expectations and compatible with
patients’ needs and desires.6 Research results addressing
these are likely to be used in practice7 as long as the
quality of research is good. Therefore, the aims of this
scoping review were to review CRR publications per-
taining to traumatic Spinal Cord Injury (SCI) and deter-
mine whether the research performed intervention trials
and used function as an outcome.

Methods
A scoping review is broad based and structured to
enable the reviewers to determine whether the subject
of interest is addressed in the current literature.8 We
used Arksey and O’Malley scoping review methodology
following the general 5 steps: 1. Identify the question;
2. Identify relevant studies; 3. Develop predetermined
search terms that are refined over time into inclusion/
exclusion criteria; 4. Chart the data; 5. Collate and
report findings. According to this methodology, the fol-
lowing question was identified: Do clinical rehabilita-
tion research (CRR) publications report interventions
trials, include functional outcomes as endpoints and
get conducted in variety of clinical and community set-
tings? We used the following approach to identify rel-
evant studies: The review protocol was prepared,
reviewed, and revised by an advisory board consisting
of members of the National Institutes of Disability,
Independent Living and Rehabilitation Research
(NIDILRR) Model Systems (MS) SCI Program (LM,
LW).9 We conducted PubMed and Medline searches
from 1990–2016 databases using the following predeter-
mined search terms: “traumatic SCI” and “functional
outcomes” and “rehabilitation”. It was determined
that these search terms did not result in studies that
reported “work” or “return to work”, which the
authors believed would be important to identify.
Hence, a separate search was conducted using the

following terms: “traumatic SCI” and “rehabilitation”
and “work” or “return to work”. Two coders (HB,
LG) conducted the article reviews. (Fig. 1) Reasons
for article exclusion included non-human research,
outside the designated time frame, and non-rehabilita-
tion research. We employed both the WHO and ICF
definitions for the following terms: rehabilitation,
impairment, function, and activity, participation/inte-
gration.10 Articles were separated into interventional
and non-interventional studies. We also identified
studies that were randomized controlled trials.
Analyses were performed on rehabilitation intervention
studies. Among the intervention studies, we established
two groups: a group called the standard evaluation
group and the impairment only group. To be assigned
to the standard evaluation group, the outcomes of the
intervention had to include a measure of function, par-
ticipation or return to work. The study also included
measures of impairments and symptoms. Measures of
behavior, mood and cognition were classified as symp-
toms and not function. Lastly, participation and inte-
gration were defined as “involvement of people in all
areas of life, and the participation restriction they
experience (functioning of a person as a member of
society)”.10

The reviewers conducted a count of the studies that
were interventions and those that were not and a
count of the studies that included functional measures
and the specific measures that were used. Next, articles
were totaled for the studies performed in outpatient,
inpatient or inpatient to outpatient settings. A tally of
the distribution of outcome domains was determined
with column headings chosen as described by the ICF.
When the publication included a quality of life (QoL)
measure, it was noted. Symptom measures were listed
separately. Instruments that measured more than one
domain were scored for both. Impairment only,
symptom only or QoL only measures, were not scored
as measures of function.

Results
Intervention vs non-interventions studies
Five hundred and forty-four articles met inclusion cri-
teria for the study, of which 234 were interventional
studies. One hundred and three used at least one func-
tional outcome measure (Fig. 1). There were 75 work
related outcome studies, 32 were intervention studies
and 15 measured a functional outcome. (Fig. 2). The
distribution of outcome measures used in the interven-
tion studies is tabulated in Fig. 1. CRR publications
have steadily risen over the past 25 years, along with
PubMed and Medline publications. There has been a
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Figure 1 Representation of article selection and categorization and process.
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modest rise in intervention trials and RCT’s. (Fig. 3).
Appendix A provides the publications reviewed, and a
brief synopsis in both the general and work-related pub-
lications searched.

Study setting
Thirty-five percent of the studies were performed in the
inpatient setting, 35% in the outpatient setting and 30%

studied patients who transitioned from in to outpatient.
We analyzed the proportion of intervention studies per-
formed by MS health care providers (n = 61) compared
with those not performed at an MS center (n = 83).
Health care professionals working in the MS published
27 articles addressing transition from in to outpatient
(43%) while non-MS investigators published 13/83
(15%).

Figure 2 Representation of article selection and categorization and process for work sub-analysis articles.
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Outcome measures
Sixty-one instruments were used (Fig. 1). Most of the
instruments were used in combination. Symptoms were
measured uniquely in 8 intervention trials. Quality of
life measures were always used in tandem with societal
integration measures. The 10 most frequently used are
bolded. However, the great majority of measures fall
into 3 groups. Measures of general function, of which
the Functional Independence Measure (FIM) was used
61 times,11,12 followed by Spinal Cord Independence
Measure (SCIM)13 and Craig Handicap Assessment
and Reporting Technique (CHART)14 each of which
were used 13 times. The utilization of FIM as an
outcome measure has remained high over the past 5
years. Measures of ambulation such as the 6 and 9
min walk time, (n = 35), Timed Up and Go (TUG,
n = 22).15,16

Walking Index for spinal cord injury (WISCI I and II,
n = 21)17,18 were included in 22% of the total standard
evaluation articles. Wheeled mobility was infrequently
used (n = 7). Very few measures of hand function were
measured (n = 3). Only 15% in this review examined

individuals with cervical spinal cord injury. The distri-
bution of types of measures used in the intervention
trials are classified by their measurement domains
including: 23 impairment measures, 42 measures of
function, 13 measures of social integration and partici-
pation, 2 quality of life measures and 11 symptom
measurement scales.
There were 39 different instruments used to assess

work outcomes in the 15 standard evaluation group of
articles. (Fig. 2) The top six most frequently used instru-
ments account for 38.5% of all instruments used. The
instruments used to examine work outcomes assessed
multiple domains: 14 functional, 13 impairment, 10
societal integration measures. Three publications in
this sub-analysis assessed persons with cervical spine
injuries.

Discussion
This scoping review provides evidence that there has
been a nearly fourfold increase in CRR publications
between 1990–2016, with 1336 being RCTs for all reha-
bilitation publications and 23 of these for studies

Figure 3 Trends in the number of rehabilitation, spinal cord injury and randomized controlled trials published in PubMed:
1990–2016.
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pertaining to SCI. This is a very small number, only par-
tially explained by the low prevalence of SCI (282,000)
and incidence (17,000).19

Perhaps the most compelling issue is the low level of
intervention studies and almost non-existent CRR for
people with tetraplegia. While the number of RCTs
has steadily risen over the past decade, the number
must increase if clinical practice guidelines are to be
developed. One possible approach to increasing the
sample size for these studies is the use of shared data
repositories and national networks, such as the Model
Systems program in the United States.9 Another is the
effort to establish credible metrics for effectiveness
using newer approaches20,21 and modifications of
Cochrane Reviews.22,23 If successful, this may generate
quality data needed for guideline development.
Additionally, a challenge the field faces is the develop-

ment of consensus about whether and which functional
measures are to be used for clinical outcomes. The
Centers for Medicare and Medicaid Services (CMS)
accepted and now requires the use of functional
outcome measures for determining response to treat-
ment. The FIM has been the accepted assessment and
has been used frequently as an outcome measure and
predictor for functional independence. Changes in
Medicare and Medicaid guidance has led to use of
Continuity Assessment Recording and Evaluation
Item Set (CARE), which may become the standard
functional measure.
Significant conceptual questions persist in the SCI lit-

erature,24 despite the clear improvement in taxonomy
and methodology. Can impairment measures predict
functional outcome? What role do symptoms play in
functional activity? Some studies suggest that walking
capacity is linked to function.25,26 Little data about
linkage between symptoms/function exist.
This review suggests that although the FIM is the

most frequently used functional measure, consensus on
its use has not been reached. Further, since survivors
of SCI are typically young adults, return to school,
work readiness and employment are important to
measure and are not measured by the FIM. Seventy-
five publications addressed employment and only 32
were intervention trials.
Only 1/3 third of studies were performed in the out-

patient setting and only MS investigators assessed tran-
sitions from inpatient to outpatient status in a
substantial proportion of studies. In the authors’ view,
this type of research is needed and should be
encouraged.
The ICF has provided a conceptual framework we

used to classify domains for measuring outcomes and

was the basis for the assumption that to qualify as reha-
bilitation research, function is required and a desirable
outcome. In this scoping review no intervention
studies used impairment measures exclusively which is
reassuring, even if there is no consensus about which
measures should be used. Measures of participation,
societal integration and personal/environmental influ-
ences for treatment and/or recovery are still not well
represented in SCI research.
There remain gaps identified in this review: few

studies report interventions, fewer include RCTs and
almost none study tetraplegia; there is a lack of consen-
sus on which outcome measures to use and which ICF
measurement domains are necessary; few studies
measure return to usual activities and roles and few
investigators examine the transition period from hospi-
tal to community, important in the recovery cycle.

Conclusion
One of the limitations in this review is the approach the
authors took in defining the inclusion/exclusion cri-
teria. The requirement for studies to address function
and/or functional limitation as an outcome of the
research reduced the total number for inclusion.
Additionally, the decision to exclude studies that
measured only symptoms, certainly important to
people’s level of functioning, by themselves to do
measure function. If they were the sole treatment
outcome, they were deemed insufficient to establish
functioning. Despite this limitation, this scoping
review identified the design, clinical setting and
outcome measures used in CRR and demonstrates
gaps in the literature. These should be addressed
because they are critical outcomes and are valued by
patients with SCI and their rehabilitation health care
teams.26
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